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^ ABSTRACT 

We observed a nearby merger remnant NGC 7252 with the X-ray satelhte ASCA, 
and detected X-ray emission with the X-ray flux of (1.8±0.3)xl0~^^ ergs s~^ cm~^ in 
^ . the 0.5-10 keV band. This corresponds to the X-ray luminosity of 8.1x10^° ergs s~^. 

Ph; The X -ray emission is well described with a two-component model: a soft component 

O ; with kT = 0.72±0.13 keV and a hard component with fcT > 5.1 keV. Although NGC 

^ • 7252 is referred to as a dynamically young protoelliptical, the 0.5-4 keV luminosity of 

ci ■ the soft component is about 2x10^° ergs s~^, which is low for an early-type galaxy. The 

ratio of Lx/I^fir suggests that the soft component originated from the hot gas due to 
star formation. Its low luminosity can be explained by the gas ejection from the galaxy 



XI 

;_j ■ as galaxy winds. Our observation reveals the existence of hard X-ray emission with the 

^ 2-10 keV luminosity of 5.6x10^'' ergs s~^. This may indicate the existence of nuclear 

activity or intermediate-mass black hole in NGC 7252. 

Subject headings: galaxies: evolution — galaxies: individual (NGC 7252) — X-rays: 
galaxies 
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1. Introduction 

NGC 7252 is a nearby galaxy (63.2 Mpc) with tidal 
tails in the optical band. The tidal tails are thought to 
be the result of a galaxy merger of two spiral galax- 
ies (e.g. Mihos, Dubinski & Hcrnquist 1998). The 
merger phenomenon probably induced a violent star- 
formation in the whole body (e.g. Hibbard et al. 
1994, hereafter H94). We can observe traces of the 
violent starformation which occurred less than 1 Gyr 
ago; for instance, the presence of an "E-l-A" spectrum 
(Schweitzer 1982), the absence of H I gas in the in- 
ner region (Hibbard & van Gorkom 1996), and the 
existence of young globular clusters (e.g. Whitemore 
et al. 1997). In the central region, its surface profile 
is well represented by the r^l^ law which is seen in 
early-type galaxies (e.g. Schweizer 1982, Stanford & 
Bushouse 1991). Numerical simulations predict that 
the tidal tails will disappear within a few Gyr, and 
then this galaxy will be recognized as an early-type 
galaxy (e.g. Hibbard & Mihos 1995). Therefore, this 
galaxy is also called "a dynamically young protoellip- 
tical" . 

Early-type galaxies sometimes have powerful X-ray 
emission which originates from a hot gaseous halo sur- 
rounding the galaxies. Their X-ray luminosities range 
from 10^^ to 10^^ ergs s~^ (e.g. Forman, Jones, & 
Tucker 1985; Canizarcs, Fabbiano, & Trinchieri 1987). 
The total amount of the hot gaseous halo and the 
metal abundance are estimated to be IO^-IO^^Mq 
and sub-solar, respectively (e.g. Awaki et al. 1994; 
Matsushita, Ohashi, & Makishima 2000). In order 
to reveal the evolution of the hot gas, many obser- 
vational and theoretical works have been performed. 
Since NGC 7252 is evolving into an early-type galaxy, 
this galaxy is one of the best objects for investigating 
the evolution of the hot gas surrounding early-type 
galaxies. H94 detected X-rays from NGC 7252 with 
the ROSATV^VQ, and HRI, and found that the X-ray 
emitting region is marginally extended, which indi- 
cates the existence of hot gas in NGC 7252. However, 
they could not determine its accurate spectral shape. 
Using the ASCA^s wide-band spectroscopy, we reveal 
the nature of the hot gas in NGC 7252. 

2. Observation and Results 

NGC 7252 was observed with ASGA on 1998 Novem- 
ber 16-18 (Tanaka, Inoue, & Holt 1994). Since the 
intense shower of Leonid meteors was expected to ap- 
pear on November 17, the high voltage of the GIS 



was turned off in order to minimize the impact to the 
GIS. Therefore, the galaxy was observed with only 
the solid-state imaging spectrometer (SIS). The SIS 
consists of two detectors, called SISO and SISl. The 
SIS data were taken in the 1 CCD FAINT mode at 
all bit-rates. The data reduction was performed by 
the ASGA Guest Observatory at NASA/GSFC us- 
ing the following main criteria: (1) the angle from 
bright Earth's limb > 20°, (2) the elevation angle 
from Earth's limb > 10°, (3) the geometrical cut off 
rigidity > 6 GeV c~^. The detail of the selection cri- 
teria is provided from the ASGA Guest Observatory. 
The on-sourcc exposure time after the above screen- 
ing is about 43.5 ks. 

We obtained an X-ray image in the 0.5-10 keV 
band with the data from SISO and SISl. Figure 1 
shows the X-ray contour map overlaid on the digi- 
tized sky survey map of NGC 7252. We accumulated 
SISO and SISl data within a 6' diameter circle cen- 
tered on the X-ray source; a background spectrum is 
taken from a non-source region > 8' in diameter. We 
combine energy bins to contain more than 50 counts 
in each bin and apply a method in the XSPEC 
11.00 package for spectral fitting. The spectrum after 
background subtraction is shown in Figure 2. 

We first attempted to fit a single-component model, 
a thermal model or a power law model, to the spec- 
trum. However, the spectrum was characterized with 
kT ~2.3 keV or T -2.3 with > 1-7. Next, we in- 
troduced a two-component model, thin thermal plus 
thermal bremsstrahlung model. This model provided 
an acceptable fit to the data ( xi^ ^ 1-2), with the ab- 
sorption column fixed at the Galactic value of 2 x 10^" 
cm~^ (Stark et al. 1990). Since the confidence region 
of the metal abundance Ars was too large, we fixed 
Ars at one solar metal abundance (Table 1). The 
thin thermal and the thermal bremsstrahlung mod- 
els are characterized with kT — 0.72±0.13 keV and 
kT > 5.1 keV, respectively. The best- fit model is 
shown in Figure 2. Using this model, the X-ray flux 
is (1.8±0.3)x 10-13 ergs s"! cm^^ in the 0.5-10 keV 
band, which corresponds to the X-ray luminosity of 
8.1x10'*" ergs s-^ assuming the distance of 63.2 Mpc. 
The X-ray flux in the ROSAT band (0.2 4 keV) is 
about l.OxlO-i'' ergs s^* cm^^, which is consistent 
with that obtained by H94, although they did not de- 
termine the spectral shape of the X-rays from NGC 
7252, and, hence assumed a thin thermal emission 
with kT = 1 keV and metal abundance of 1 solar. 
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3. Discussion 

3.1. Origin of the Soft Component 

The ROSAT observation by H94 found a soft X- 
ray emission which is marginally extended, which in- 
dicates the existence of the hot gas in NGC 7252. Our 
ASCA observation finds that the soft X-ray emission 
has the characteristic temperature of kT = 0.72±0.13 
keV, and the observed X-ray flux in the 0.5-4 keV 
band is about 4xl0~^^ ergs s~^ cm~^, which corre- 
sponds to the X-ray luminosity of the 2x 10"*° ergs s~^ 
after the correction of the Galactic absorption. As 
compared with X-ray properties of early type galax- 
ies, the soft X-ray luminosity of NGC 7252 is low for 
an early-type galaxy. Our result is consistent with a 
claim by Fabbiano & Schweizer (1995), who pointed 
out that NGC 7252 belongs to group 1 in the Lb — Lx 
diagram of E and SO galaxies (see figure 7 in their 
paper). In group 1, the contribution of the soft com- 
ponent to the total X-ray emission is considered to be 
small (e.g. Fabbiano & Schweizer 1995, Matsumoto 
et al. 1997). 

NGC 7252 is a post-starburst galaxy as well as 
a dynamically young protoelliptical (e.g. Schweizer 
1982, Stanford & Bushouse 1991). Both types of 
galaxies sometimes have hot gas surrounding the 
galaxy. We took the luminosity ratio of Lx/^fir to 
find a possible origin of the hot gas in the galaxy. Fig- 
ure 3 shows the correlation plot of the X-ray luminosi- 
ties in the 0.5-4 keV band and the far-infrared lumi- 
nosities. The region between two solid lines in Figure 
3 indicates the luminosity ratio of about 10"'* which 
most starburst/H II galaxies have ( David, Jones, & 
Forman (1992)). The open circles in Figure 3 show 
the data for early- type galaxies. Their X-ray data are 
taken from Canizares et al. (1987), and their infrared 
data are deduced from IRAS 60 and 100 /xm fiuxes 
(taken from Knapp et al. (1989)) using the usual 
"bolometric" far-infrared brightness (e.g. Devereux 
& Eales 1989) 

Ffir = 1.24xl0-"(2.58F6o^m+FiooMm) erg cm'^ s'^ , 

(1) 

where the 60 and 100 /xm fiux densities are expressed 
in mJy. The far-infrared light from early-type galax- 
ies is emitted from cool interstellar matter, and thus 
their luminosities are smaller than those of starburst 
galaxies (Knapp et al. 1989; Bregman et al. 1998). 
Therefore, early-type galaxies lie in the upper left 
side in the figure. NGC 7252 is a luminous far- 



infrared object with Lpiii ^ 4x 10*"Lq (Dupraz et al. 
1990). We find that the luminosity ratio of Lx/L-pm 
of NGC 7252 is about 10"^, and find that the po- 
sition of a closed circle in Figure 3 presenting NGC 
7252 is within the region of starburst galaxies. The 
luminosity ratio suggests that the soft X-ray emis- 
sion is associated with the starburst activity. Note 
that the X-ray luminosity of NGC 7252 includes X- 
ray emissions from both soft (ix = 2 x 10^°) and hard 
(Lx = 2.7 X 10^") components, because Canizares et 
al. (1987) and David et al. (1992) did not distinguish 
soft and hard components when they estimated the 
X-ray luminosities. 

In order to estimate the total amount of the hot gas 
and the total energy, we obtained the volume emis- 
sion measure, e — f v?dV, of (6.0^2 o) ^ 10^^ cm~^ 
from the spectral fit of the X-ray spectrum with so- 
lar abundance (Ars = 1.0). This emission measure 
is the lowest compared to the sample of early-type 
galaxies by Matsumoto et al. (1997). We note that 
the sample by Matsumoto et al. (1997) have a mean 
abundance of 0.3, and that the volume emission mea- 
sure of a thin thermal plasma is a strong function 
of the metal abundance. We obtained the emission 
measure e ^ 1.9 x 10®^ cm~^ in Ars=0.3, and con- 
firmed that the emission measure is still low among 
their sample. Read & Ponman (1998) found that 
the i?OS'^T PSPC source appeared centrally concen- 
trated and compact, though a couple of tentative ex- 
tended features were seen. The X-ray image by the 
iiOS^T observation is consistent with the Ha image 
reported by H94. In starburst galaxies, the X-ray 
emitting region is well correlated with the Ha emit- 
ting region (for example, NGC 1808 (Dahlem, Hart- 
ner, & Junkes 1994)). Therefore, we assumed that the 
hot gas fills the inner region of r=2 kpc with a filling 
factor /, where r is a radius of the hot plasma, be- 
cause H94 pointed out that about 90 % of the Ha line 
emission is in r < 7" (-- 2.5 kpc at D = 63.2 Mpc). 
We obtain the mean electron number density to be 
< ne >~ 2 X 10-2(r/2kpc)-3/2/-V2 cm'^. The 

total mass and the total energy are estimated to be 

2xlO7(r/2kpc)-V2/i/2M0and7xlO55(r/2kpc)-V2/i/2 

ergs, respectively. They indicate that in starburst ac- 
tivity, NGC 7252 can stand comparison with nearby 
active starburst galaxies (e.g. M82 and NGC 253 
(Fabbiano 1988) ). 

Ciotti et al. (1991) classified the early-type galax- 
ies into three evolutionary stages: wind, outflow, and 
inflow phases. Since it is thought that the intense star 
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formation occurred within the last 1 Gyr (Schweitzer 
1982; Hibbard & van Gorkom 1996) and numerical 
simulations have suggested that NGC 7252 evolves to 
an early-type galaxy, we consider that NGC 7252 be- 
longs to the wind phase, in which the thermalized 
gas due to collisions between stellar winds and/or 
between winds and ambient gas is ejected from the 
galaxy. The low X-ray luminosity of NGC 7252 can be 
explained by the gas ejection from the galaxy. Based 
on the evolutional model by Ciotti et al. (1991), 
within a few Gyr, NGC 7252 will change to outflow 
phase, and then NGC 7252 will be surrounded by a 
large amount of hot gas. 

3.2. Hard Component 

Read & Ponman (1998) suggested the existence 
of hard X-ray sources in NGC 7252, since the fitted 
absorbing column appears larger than the Galactic 
value. The ASCA's wide-band spectroscopy resolved 
the hard X-ray emission with the X-ray luminosity of 
about 5.6x10''° ergs s'^ in the 2-10 keV band. The 
spectrum is characterized by the thermal model with 
kT > 5.1 keV or the power law model with photon 
index of 1.2. 

The ROSAT HRI found two bright X-ray sources 
(Read & Ponman 1998). One is located within 7" 
from the center of NGC 7252, and its X-ray luminos- 
ity is estimated to be 3x10^° ergs assuming the 
thermal emission with kT = 3 keV. The other is lo- 
cated in the eastern extension seen in the PSPC, and 
its X-ray luminosity is estimated to be 1.6x10^° ergs 
s^^. ASCA cannot separate these two soinccs due 
to its poor spatial resolution. Since the X-ray lumi- 
nosity observed by ASCA is nearly equal to the sum 
of the X-ray luminosities of the two sources, we con- 
sider that most of the hard X-ray emission come from 
these two sources. Prom the brightness of these two 
sources in the ROSAT BRl band, the significant frac- 
tion of the hard X-rays detected with ASCA is prob- 
ably emitted from the former bright HRI source. Our 
result indicates the existence of a hard X-ray source 
with Lx ~ 10^° erg s~^ in the central region. The 
hard X-ray source may be a low-luminosity AGN or 
an intermediate-mass black hole (1O'^~^M0) (Colbert 
& Mushotzky 1999; Matsumoto et al. 2001; Kaaret 
et al. 2001). 



4. Conclusion 

We analyzed ASCA data for a merging galaxy 
NGC 7252. The X-ray spectrum is well described by 
a two-component model, soft plus hard components. 
The soft component is characterized by a thin thermal 
plasma model with kT '^0.73keV. From the ix/ipiR, 
the thin thermal emission probably originates from 
the hot gas due to star formation. Assuming the size 
of hot gas of 2 kpc, the total amount of hot gas is esti- 
mated to be 2x 1O'^/i/2M0, which indicate that NGC 
7252 still have large starburst activity comparable to 
those of nearby active starburst galaxies. Numeri- 
cal simulations and observational results suggest that 
this galaxy is in the post-starburst phase. Therefore, 
we can explain the low X-ray luminosity of NGC 7252 
due to ejection of hot gas from the galaxy. Based on 
the evolutional model by Ciotti et al. (1990), this 
galaxy will be surrounded by a large amount of hot 
gas within a few Gyr. 

We resolve the hard X-ray emission characterized 
by the thermal emission with kT > 5.1 keV or a 
power law emission with T ~1.2 using the ASCA^s 
wide-band spectroscopy. The ROSAT HRI found two 
bright point sources in this galaxy. These sources are 
possible objects for the hard X-ray emission. Our 
ASCA and the ROSAT results may suggest the ex- 
istence of a low-luminosity AGN or an intermediate- 
mass black hole. 

This galaxy is one of the best targets to investigate 
the evolution of merging galaxies and the connection 
between starburst galaxies and AGNs. The XMM- 
Newton, Chandra, and future missions will solve the 
current problems. 
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image of NGC 7252. This research is supported by 
JSPS (HM), and is carried out as part of the "Ground 
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REFERENCES 

Awaki, H., et al. 1994, PASJ, 46, L65 

Bregman, J. N., Snider, B. A., Grego, L., & Cox, C.V. 
1998, ApJ, 499, 670 



4 



Canizares, C. R., Fabbiano, G., & Trinchieri, G. 1987, 

ApJ, 312, 503 

Ciotti, L., D'Ercole, A., Pellegrini, S., & Renzini, A. 
1991, ApJ, 376, 380 

Colbert, E. J. M., & Mushotzky, R. F. 1999, ApJ, 
519, 89 

Dahlem, M., Hartner, G. D., & Junkes, N. 1994, ApJ, 
432, 598 

David, L. R, Jones, C., & Forman, W. 1992, ApJ, 

388, 82 

Devereux, N. A, & Eales, S. A. 1989, ApJ, 340, 708 

Dupraz, C, Casoli, F., Combes, F., & Kazes, I. 1990, 

A&A, 228, L5 

Fabbiano, G. 1988, ApJ, 330, 672 

Fabbiano, G., & Schweizer, F. 1995, ApJ, 447, 572 

Forman, W., Jones, C, & Tucker, W. 1985, ApJ, 293, 
102 

Hibbard, J. E., Guhathakurta, P., van Gorkom, J. H., 
& Schweizer, F. 1994, AJ, 107, 67 (H94) 

Hibbard, J. E., & van Gorkom, J. H. 1996, AJ, 111, 
655 

Hibbard, J. E., & Mihos, J. C. 1995, AJ, 110, 140 

Kaarct, P., Prestwich, A. H., Zczas, A., Murray, S. 
S., Kim, D. -W., Kilgard, R. E., Schlcgel, E. M., 
& Ward, M. J. 2001, MNRAS, 321, L29 

Knapp, G. R., Guhathakurta, P., Kim, D. -W., & 
Jura, M. 1989, ApJS, 70, 329 

Matsumoto, H., Koyama, K., Awaki, H., Tsuru, T., 
Locwenstein, M., & Matsushita, K. 1997, ApJ, 482, 
133 

Matsumoto, H., ct al. 2001, ApJ, 547, L25 

Matsushita, K., Ohashi, T., & Makishima, K. 2000, 
PASJ, 52, 685 

Mihos, J. C, Dubinski, J., & Hernquist, L. 1998, ApJ, 
494, 183 

Read, A. M., & Ponman, T. J. 1998, MNRAS, 297, 
143 

Schweitzer, F. 1982, ApJ, 252, 455 



Stanford, S. A., & Bushouse, H. A. 1991, ApJ, 371, 
92 

Stark, A.A., Gammie, C. F., Wilson, R. W., Bally, 
J., Linke, R. A., Heiles, C, & Hurwitz, M. 1992, 
ApJS, 79, 77 

Tanaka, Y., Inoue, H., & Holt, S. S. 1994, PASJ, 46, 
L37 

Whitcmorc, B. C, Miller, B. W., Schweizer, F., & 
Fan, S. M. 1997, AJ, 114, 1797 



This 2-column preprint was prepared with the AAS lAT^^X 
macros v4.0. 



5 



Table 1 

REST'LT of SPErTRAL FiT 



Model" 




kTns 


Ars 


fcTsR/r 


xl/d.o.f. 




(Xl022 cm-2) 


(keV) 


(solar) 


(keV) 




RS + BR 


0.02(fixcd) 


0.73 (0.60-0.86) 


5.0 (0.05< ) 


4.5 < 


1.24/13 


RS + BR 


0.02(fixcd) 


0.72 (0.61-0.85) 


1.0 (fixed) 


5.1 < 


1.16/14 


RS + PL 


0.02(fixed) 


0.73 (0.60-0.86) 


5.0 (0.03<) 


1.21(0.45-1.88) 


1.25/13 


RS + PL 


0.02(fixed) 


0.73 (0.60-0.86) 


1.0 (fixed) 


1.21(0.72-1.86) 


1.16/14 



''the RS -I- BR indicates a Raymond-Smith optically thin plasma (RS) plus a bremsstrahlung 
(BR) model, and the RS -I- PL indicates a RS plus a power law (PL) model. 

''the column density is fixed at the Galactic absorbing column density given in Stark et al. 
(1992). 



Note. — errors axe 90 % confidence level. 
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Fig. 1. — ASCA SIS contour map overlaid the digitized sky survey image of NGC 7252. The map has been 
smoothed with (7=30". The contours are at 2, 3, 4, and 5 a fluctuation levels of the SIS background. 
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Fig. 2. — ASCA SIS spectrum of NGC 7252 fitted with a two-component model, consisting of a soft RS plasma 
component (dashed line) and a hard bremsstrahlung component (dot-dashed line). 
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Fig. 3. — Correlation plot between far-infrared and the 0.5-4.5 keV band luminosities. Open circles and one closed 
circle show the data for early- type galaxies and for NGC 7252, respectively. The region between two solid lines 
indicates the region of spiral galaxies fonnd by David ct al. (1991). A couple of early-type galaxies locate in the 
region of spiral galaxies, but they are also classified as Seyfert/LINER. 
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